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(71) We, SHELL INTERNATIONALE 
RESEARCH MATTSCHAPPIJ B.V. 
formerly Shell Internationale Research 
Maatschappij N.V., a company organised imder 
5 the laws of The Netherlands, of 30 Cardl van 
Bylandtlaan, The Hague, The Netheriands, 
do hereby dedare the inventioa, for which we 
pray that a patent may be granted to tis, 
and the methc^ by which it is to be perfoimed, 

10 to be particularly described in and by the 
following statemott:— 

The present invention concerns a process 
for maiking thennoplastic moulded" hollow 
articles, particuiarly suitable for use in the 

15 manufacture of travel luggage or the like 
and components for tiampoit vehicfes e.g. 
motor cars. 

In recent years there has been an increase 
in the demand for luggage containers eg. 

20 smtcases, travel cases and dual-purpose station- 
ary and clothing c^es and for accessory com- 
ponents for transport vehicles, e.g. facia panel 
trays and aim rests, and as a result traditmal 
materials such as leather, wicksa: and straw have 

25 become too expensive^ too scarce or too fragile 
for modern mass markets. The sikilled labour 
Bnd low production rates which ate inherent 
in any manufacturing process using these 
materials have restricted their current outlets 

30 either to hand-made luxuries or specialised 
^plications. 

. To supply the increasing demand for robust, 
lightweight mass-produced baggie many 
mantsfacturers now employ modem substitutes, 
33 e.g. fibreboard, leather-cloth, or synthetic 
fabrics. More recently thermoplastics such as 
ABS, have been employed, but the bulk of 
the market is supplied using the fibreboard 
shell. 

40 M^y qualities of fibreboard are now avail- 
able. These consist of resin-impregnated vege- 
table fibre compressed to a uniform, dense 
sheet. The quality is determined by the resin 
type and content and the nature of the fibre, 

*5 all of these contributing to die ease of mould- 
ing and resilience of the sheet. Feedstock for 
the luggage trade is generally decorated on 
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either one or both sides, the external face 
generally with a varnished, leather-grain paper 
vrfuch imparts both appearance and a degree 50 
of water resistance. The finish of this outer 
veneer and also the decorative lining is as 
variable as is the fibreboard itself, and also 
contributes to the moiddabihty and appearance 
of the final luggage; 55 

The forming process for fibreboard sheet is 
simple and well-established, and utilises cheap, 
readily-available machhiery. Before fbrnihjg, 
the sheet is cut mtt> blanks, the shape of a 
blank beii^ carefully contoured for each tool 60 
and luggage shell. 

The mouldtng operation for fihieboard con- 
sists of the folfowiiig steps. 

(1) A blank is inserted between two heated 
rectangular clamping rings, and located by 65 
means of spring loaded centering lugs. 

(2) The upper clamping ring is lowered 
to exert a positive clampmg pressure on the 
trapped parts of the bianlc. Only the outer 
regions of the blank— those which are later sub- 70 
jected to extreme changes of shape— are trap- 
ped in the damping rings. The centre of the 
blank remains as yet untouched. 

(3) _A shisrt dwell time allows softening of 

the resin in the sheet in the trapped regions. 73 

(4) Whilst iraintaining the clamping pres- 
sure, both clamping rings are moved steadily 
downwards until the centre of the blank im- 
pmges on the domed upper surface of a heated 
male mould or pommel, The pommel is iden- 80 
tical in shape to the final moulding. 

(5) As the clamping rings continue their 
progress doirawaids, the tension caused by the 
pommel bowing the blank causes the fibre- 
board to begin slipping inwards through the 85 
clamping rings, 

(6) As the slipping commences, the clamp- 
mg rings are level w&h the top edge of the 
pommel. The dome is tightly wrapped by 
taut, warm fibiehoaid and as the rings pro- 90 
^ess downwards the warmed board is con- 
tmually slipping out of titte rings and is forced 
mto mtunate contact whh the pommel by the 
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restricted clearance between the ti|iper ring 

and pommel waJ^s. 

(7) When the blank has almost completely 
clipped out of the clamping rings, the down- 

5 wards movement is stopped and a short dwell 
ensures. During this time the upper domed 
surface remains in tension and the walls of 
the forming remain trapped between the pom- 
mel wall and the inner surface of the upper 

10 ring. 

(8) The rings ate moved further down- 
wards until the forming is clear of lie upper 
damping ring, yet still draped intimately over 
the pommel. 

15 _ (9) The damping rings move upwards and 
dislodge the forming from the pommel. 

The critical factors in this process are the 
damping pressures, temperatures .md the claar- 
ances. The pressures are generaily between 

20 25 and 40 kg/cm^ typically 32 kg/cm-, and 
the slippage is promoted by the use af lubri- 
cants such as silicone polishes. Temperature 
of the rings and pommel are defined bv the 
resin and varnish types, but generallv fall 

25 within the range 60— lOO^C. The clearance 
between the upper ring and the pommel is 
significantly affeaed these temperatures, 
and as this clearance plays a key role in the 
forming process the tm^eratures are as ini- 

30 portant as tiw tool design and set up to 
ensure that a suitable uniform gap is main- 
tained. 

As the surface area of the shdl is smaller 
than that of the blani:, some of the material 

35 is transferred into the vertical sides, and some 
is 'lost' into the corners. It is at the comers 
that most effort is concentratfad during the 
process, and the excess fibreboard is gatiiered 
into wrinkles and then compressed into the 

40 ring/pommel gap. A good quality fibreboard 
can remould to some extent almost in the 
manner of a dough moulding compound, and 
little trace of the gathering will remain in the 
final comer. Less expensive fibreboard will 

45 merely bunch and then be flattened, and 
the designer relics on the leather-grain finish 
to disguise the remains of the wrinkles and 
puckers caused by the excess matetkl. 
The depth of draw with fibreboard is apin 

50 controlled by feedstod? quality, but even the 
best material will not allow more than two 
inches of vertical sidewall to be produced as 
comer faults are pronounced beyond this 
depth. In the subsequent fabrication of the 

55 cases, therefore, the deptii of the luggage 
has to be built up bv means of fibreboard 
strips stitched to the formings. A single suit- 
case therefore consists of two formed fibre- 
board shells, two strips of fibreboard to 

oO deepen case, two strips of aliminium or plastic 
extrusion to disguise the stitching foint, two 
edging strips in aluminimn or plastics, one 
handle and fixing accessories, two lock and 
fixing accessories, four feet, two hinges and 



fixing accessories and two interior linings to 65 
disguise joints and fittings. 

The assembly of a case is thus a relatively 
complex process and involves a great number 
of parts and stages. In addition to the pro- 
duction shortcomings, fibreboard is limited in 70 
the properties it can confer on a case. Even 
the best quality board is open to attack by a 
sharp_ knife, which renders the best locks in- 
effective, and rough handling by air or rail 
transport can puncture, scar or permanently 75 
dent the formings. 

The quest for a superior article has in- 
volved many materials and processes. Injec- 
tion moitlding of an actj'Ionilrilc/butadiene/ 
styrcne polymer, known commercially as ABS 80 
resm, has been attempted but tooling costs 
are severely limiting. Further, orientation of 
the_ ABS sheets induces brittieness and is 
difficult to overcome in such long flow path 
moulds. Weight limitations control the thick- 85 
ness. Remforcement by ribbing is aesthetic- 
ally objectionable on the interior, and causes 
smk-marks on the exterior which the leather- 
grain finish would not completely mask. In- 
jection moulding has therefore been largely 90 
restricted to small compartmemed luggage as 
large injection moulded shells have proved 
to be too expensive. 

_ Vacuum forming offers an apparently 
simple method of luggage shell forming. The 95 
diawback of this process is that the comers 
thin during forming and thus the most vulner- 
able part of the case is the weakest, being both 
thinner and more open to impact failure due 
to the mode of forming e.g. internal stresses 100 
or slow cooling effects on crystalliiiity. By 
contrast, solid phase forming techniques have 
the ellect of toughening the polvolefins and a 
formmg produced by this route possesses the 
advantage of work hardening especially in the 105 
corners where the maximum effort is concen- 
trated. 

One aspect of the present invention is direc- 
ted to thermoplasrics moulded hollow articles 
especially articles suitable for use in baggage 110 
or luggage containers, and satisfies a need 
for a tough lighr-weight alternative to fibre- 
board. 

The present invention therefore concerns a 
process for making a moulded hollow article 115 
wtich comprises heating a sheet of theraio- 
Ptestics polvmcr to a temperature of between 
X C and iX-iSyC where X is the crystal- 
Ime melting point of crystalline polj-meis, or 
fte Vicat" softening point of amorphous 120 
poiymers, clamping the sheet at its periphery 
by means of heated clamping rings and pres- 
sure slip-fomiing the sheet around a mould 
so that the thickness of the article is sub- 
stantially the same as that of the polymer 125 
sheet. 

The preferred polymer for use in the pro- 
cess of the invention is an olefin polymer 
e.g. polj-ethylene, or polvpropylene homo- or 
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co-polymer, although copolymers with e.g. 
butene . 1 are suitable. Also suitable for 
certain uses are polymers or co-polynKts ait 
other materials e.g. PVC or ABS resins par- 
5 ticukrly for lu^ge cases and car compon- 
ents. 

The process according to the invention 
iitilises a preformed feedstock rather than the 
granules and powders employed in raelj mould- 

10 ing. Suitably contoured polymer blanks are 
cut from sheet of the thickness required for 
the finished part. All the trimmings are re- 
cycled through the sheet extruder. During sSip- 
forming plastic flow occurs in the solid state 

15 to maintain lie sheet thickness. 

In solid phase slip-fonning of certain ^apcd 
articles a fewer projection of polymer or 
"flash" may be formed at the corners. To 
eliminate this "flash", the Wank is d^gned 

20 such that it is material-deficient in the comer 
regions. Flow in the solid state then pro- 
duces a full comer by "lowing in" excess 
material from other parts of the blank during 
the forming process. 

23 The process solid phase slip-forming will 
be further described in relation to poly- 
propylene sheetj although other polymer sheet 
may be used, the temperatures thai being 
somewhat different depending upon tlie oy- 

30 stalline melting point or soiftening point of 
the polymer. 

1. The polypropylene blank is heated to 
within a few degrees of the crystalline melt- 
ing point, i.e. in the range 135°C to 170°C:;, 

35 typically 153— 1S7°C. Heating may be per- 
formed by either radiant heaters or using an 
oven. 

^ 2. The blank is inserted between clamping 
lings also heated to around 15."i°C, and peri- 
40 ferally clamped. 

3. A clamping pressure of 14 to 24 Kg/ 
cm= is applied and the rings immediateJy 
moved downwards. The speed of movement 
of the rings is critical and closing rates of 

45 up to 1.8 m (60 inches) per minute have 
been successful. 

4. As the sheet moves down contact with 
domed male mould results and the sheet 
tightens as the dome shape is imparted. When 

50 the blank between the clamping rings is level 
with the mould edge, slipping of the sheet 
out of the clamping rings results. 

5. As the sheet leaves the clamping ring 
it travels up and around the radiused inner 

55 edge of the upper ring. It is then forced 
through a restricted gap being the space be- 
tween the ring and the mould. This cold 
working permanently sets the sheet into the 
new shape, yet local thinning is avoided and 

60 all finished areas have equivalent thickness. 

6. The downward moivenKnt and forming 
continues until all the sheet has slipped out 
of the clamping rings. 

7. A short dwell ensues^ then the monld- 
65 ing is ejected by upward movement of the 



damping rings which carry the forming ahead 
doe to slight spring back ofi the mould. 

The process is sensitive to temperature, 
pressure and equipment design. For example, 
excessive blank or clamping ring temperature 70 
will, together with the heat generated during 
the working cause melting to occur giving 
a weak, mis-shaped part and clamping pres- 
sures in excess of 24 kg/cm^' introduce a 
teuuiency to form dnctile drawn regions, especi- 75 
ally where tije ring-pommel gap is margin- 
ally under-sized. The radius of curvature on 
the damping ring edge is also a further fac- 
tor in the process. Temperature control of the 
male mould is a convenient way of controlling 80 
the rii^ to mould clearance by virtue of the 
themial expansion which occurs. Mould tem- 
peratures within the range 20°— 100''C have 
so far been found suitable, the main criterion 
apart from the gap vridth being the ability 85 
of the pommel to act as a cooling and setting 
device to the hot sheet as it leaves the form- 
ing area. 

_ The shmplest form of polymer feedstock is 
single coloured polyoleiin sheet with a gloss 90 
finish on both sides. The material is suitable 
for many markets, but where speciah'ty items 
are requked several variations in the feed- 
stock quality or finish could be introduced. 
The colaiir may be varied by pigmentation 95 
and the use of laminated feedstock allows two 
tone mouldings to be produced. One or both 
surfaces may be decorated e.g. with emboss- 
ing, to sunukte natural or synthetic finishes. 
Embossmg will be retained throughout lie 100 
slip forming process although some variation 
occurs in the regions of cold flow. 

In _ addition to laminated sheet, other 
materials may be used to modify one or 
both the surfaces of the polymer. These in- 105 
dude iiha, doth and flock, which may be 
mtroduced onto the surface of the sheet either 
daring extrusion or as a snbsequeat process. 
The preferred form of doth, lihn or flock 
would be that praducfid from a polyoiefinsimi- 110 
kr to the sheet itself. The regrind produced 
from the trimmmgs may be used as a raw 
material for the extrusion of new sheet witliout 
tiw removal of the contaminating laminate. 
The use of thermoplastics other tbSn the type 115 
eraployiHi iu the sheet may snitably be used 
if a small proportion of the second polymer 
can be aaommodated in the re-extrusion pro- 
cess. It is prefened for certain application 
however, to match the laminating m^eriai to 120 
the feedstock material so that the composite 
feedstock has imifoim piooessmg characteris- 
tics with respect to temperature and pressure. 
The ^ility of cloth, Sim and flock laminated 
feetktocks to form in the SPSF process will 125 
depend on their strength of adhesion to the 
sheet, and on their individual softening points. 

Luggage shdls have been produced from 
polypropylene blanks whidi exhibit a deeper 
draw than is possible with most qualities of 130 
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libreboar4 and depths of drawing in excess 
of 100 mm (4") are possible. Using shells 
of this depth, a suitcase would then consist 
of two poiyoklin shells, two hinges and fixing 

5 accessories, one handle, two locks and fixing 
accessories, two edging strips of aluminium 
and four feet 

The saving of six components over a fibre- 
board case allows a substantial saving in 

10 assembly time, production time for the deepen- 
ing strips, and renders the raasl^ing extrusion 
unnecessary. The interior fmish of the polv- 
olefin can be made attractive using linings. 
The solid phase siip-foiming process is 

15 further described in detail. The shaped poly- 
mer blanks cut from the sheet are uniformly 
heated to a temperature suitable for the SPSF 
of that material, i.e. below the cr\^stall!ne 
melting point of crystalline materials I'for 

20 polypropylene nS'—m'C), or below \hs 
softenuig^ point of amorphous materials i'for 
ABS SS'C—SQ'C) hating is accomplislied 
using either hot air oven or ladiant tech- 
niques. 

25 Suitably, the heating stage ^ould not con- 
trol the speed of the forming cycle and a 
steady flow of heated blanks must be avaU- 
able at a predetermined rate. This may be 
achieved by use of a hot air tunnel of suitable 

30 length and traversing speed, or the use of 
one or more radiant heating stations. The 
tendency to overheat the surface whilst the 
centre of the sheet remains cool will limit 
the use of radiant heating to feedstock up 

35 ta Z mm thick. Ailiaor temperature variations 
across the sheet may be avoided by a short 
dwell in the heated clamp rings, but this 
should be minimised for optimum cycle time. 
The heated blank is accurately positioned on 

40 top of the lower damping ring. This opera- 
tion is fadlitated by spring loaded lugs which 
compress into recesses as the damping rings 
dose. The transfer operation must per- 
formed rapidly to reduce heat loss«i from the 

45 slKet and yet aoau:ately to prevm eccen- 
tricity in the mouldings. 

■When the blank is damped between the 
upper and kwer rings and is at a suitable 
temperature, downward movement of the rings 

50 commences. The centre of the blank impinges 
on the domed centre of the mould and the 
sheet is draped and tautened over the surface. 
As the tension in the sheet increases, it 
eventually begins to puU the blank 

55 from between ckmping rin^s. When the 
clamping rings reach the vertical sides of 
the mould the slipping blank sujSets a 90" 
change in direction as it leaves the rhgs 
and is spread onto the male moukl. The 

60 downward movement ojntinues until the last 
of blank leaves liie rings, but is still held 
against the mould walls by the iimer axfaoe 
of the upper ring. 
After a short dwell to aid dimensional 

65 stability of the monlding the damping rings 



are farther moved downwards. When the rings 
clear the fomiing their movement is reversed 
and the mouldujg is stripped from tie mould. 

In its simplest form (Figure 1) the pro- 
cess produces hollow articles with vertical 70 
sides and a domed top. The simpe of the 
article may vary i.e. drcular, rectangular 
or have a combination of straight and curved 
edges. These formings may be produced from 
polymer or co-polymer sheet feedstock by a 75 
process in which the sheet is held at a tem- 
perature of between the crystalline melting 
point and 3S°C below the crystalline melt- 
ing point and is damped by hated damping 
rings at its periphery, and slip fomied around 80 
a mould. 

More complex forms of solid phase slip 
forming are required to produce mote in- 
tricately shaped components. These may be 
attained by either a refinement of slip fonn- 85 
mg alone or by combining this techm'que 
With other solid phase forming techniques. 
Examples of these variations are shown in 
Figures 2—5. The first variation is produced 
by the use of a split clamping frame to pro- 90 
duce stepped mouldings shown in Figure 2. 
Here the clamping frames consist of concen- 
tric mdependently driven frames, the lower 
ones being suitably contoured where they act 
as part of the male mould. The downward 95 
movement of the rings is initiated, but once the 
mner rings are arrested by contact with the 
mould, only the outer rings conrinue the down- 
ward movement. 

Figure 3 shows the combination of solid 100 
phase slip forming and a rubber pad forging 
technique. The upper part of the mould has 
been replaced by a thick rubber block and, 
as the ship forming operation commences, an 
mdependently driven forging tool is artivated 105 
which compresses its contours into the rubber 
pad through the feedstock. The feedstock re- 
tams this shape on ejection. 

The forging may be taken a step further 
as an Figure 4 where matched tooling is used UO 
to produce a complex shape on the crown 
of the slip formed moulding. Both these forg- 
ing techniques are limited in the depth of 
draw_ which is obtainable without excessive 
thinning in the areas of maximum draw. This 115 
is m contrast to the even wall thickness ob- 
ramed from the slip formed regions around 
the periphery. 

Slip forming may suitably be combined 
witti_ solid phase pressure forming as shown 120 
m Figures 5(1) and 5(2). This combination 
allows both convex and concave modifications 
to the basic slip formed moulding and re- 
qunes an air-tight seal between the male 
mraild and an independently activated pres- 125 
aire forming device. The female, sccondaiy 
modd for the pressure forming may be cut in- 
to the male slip forming mould as in 5(1) 
or mtroduced as an independent mould situ- 
ated vertically above the male slip fonning 130 
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mould 5(2). In tiie first instance the forniing 
air is introduced from a plunger situated 
above the sheet whereas in the second instance 
the plunger for the pressure forming is siiu- 

5 ated within the male slip forming mould. The 
pressure formed areas of the &ia3 moulding 
are thinner in cross-section than the original 
feedstock thickness or the siip formed area 
of the moulding. 

10 _ These extentions to the SPSF process may 
involve modification or additions to basic 
machinery used for the simple SPSF wocess. 
The modifications, which are achieved bv 
combmation with anotiier solid phase te:h- 

15 mque, have Httle effect on the siip forming 
process for shaping periphery, When the 
clamping frames have exerted counter pres- 
sure and the sheet has made contact vs'ith 
the maic mould surface, the secondary forrn- 

20 mg operation functions as an independent pro- 
cess, whilst the remainder of the ^jp form- 
ing operation continues. 

When slip forming and a secondary process 
are carried out in neighbouring areas of the 

25 feedstock, the two processes may mterfeie, 
causing distortion and thinning. In these in- 
stances the commencement of eitlKr the slip 
forming or the secondary process must be 
delayed sufficiently to allow the completion 

30 of the other process in the interfering area. 
The order in which the processes are used 
will be governed by the optimum formiM 
temperature of each, as the feedstock is 
cooler for the second phase. 
33 The efficiency of the process of slip-foiming 
as previouslj7 described, depends upon a num- 
ber of conditions being optional. These eoudi- 
tions are as follows: — 

(a) Blank Temperature 
40 The temperature of the material during 

fonning is a crtical factor in the process. 
It is controlled by (i) the heating stage which 
raises the temperature from ambient (ii) the 
efficiency of the transfer from the heating zone 

» to the clamping rings and (iii) the tem- 
perature of tJie clamping rings. 

Too high a temperature leads to yielding 
and necking as the slipping force is applied, 
while too low a temperature leads to inade- 

50 quate forming and poor definitioa. 

(b) Clamping ring design 
The clamping rings diould preferably te 

uniformly heated to the correct forining xsm- 
perature, thus electrical heaters around the 
55 rings are preferably continuous strip heaters 
controllable to within 5°C, Insulation of the 
outer surface of the rings assists tempeiatare 
control. 

Clamping surface area of the rings must he 
60 sufficient to acconmiodate all the sheet which 
is to undergo a severe change of shape. The 
internal dimensions of the rings arc controlled 
by the size of the mould over which they 



are to pass, The clearaBce of the rings around 
the mould is contrclled by the sheet thick- 65 
ness, and must be uniform to promote even 
distribution of material and work. Too wide 
a gap gives poor definition through lack of 
working, too tight a fit leads to necfcii^ and 
scuftog. Gap variabiHty leads to a combmadon 70 
or these effects. 



(c) Mould design 

The mould is domed and preferably has 
parallel vertical sides, but the shape of the 
article need not be regular. 75 

(d) Blank design 

During the solid phase slip-forming pro- 
cess the material in the blank flows in the 
sohd state, thus material which gathers at 
comers can be spread outwards to prevent 80 
ioiding and wrinkling. To facilitate this pro- 
cess, the blanks should be cut with material- 
dehcient comers to accommodate the flowing 
polymer. Ideal blank design produces a form- 
mg needmg little or no trimming. 85 

(e) A'lould temperature 

The male mould "freezes" the forming but 
need not necessarily be cold. Sufficient di- 
mensional stabihty may be achieved with 
modi temperatures up to 100°C. Adjustment 90 
or the male mould temperature causes a signi- 
ficant amount of thennal expansion and this 
may be utilised in controlling the rmg/mould 

(f) Clamping pressure 95 
The pressure exerted on the blank controls 

the force required to commence slipping. Ex- 
cessive pressure leads to forces above the ten- 
sile yield of the material and hence neck- 
mg. Inadequate pressure produces slipping ICQ 
without forming. A pressure of 20 kg/an" 
may suitably be used. 

Lularicants applied direct to the surfaces of 
the tmgs and sheet or as migratory additives 
m the polymer granules are considered to be a 105 
means of modifying the damp/slip balance. 

(g) Forming speeds 

The downward speed of the rings plays a 
sigmficant part in determinmg the cycle time 
of the process Speeds up to 1,8 m/min are 110 
roierabfe but higher rates under certain con- 
ditions piodtKc excessive spring-back. 

(h) Dwell time 

The dweU time after the forming operation 
reduces sprmg back and dome panelling If 115 
dome design and dwell are found insufficient 
to overcome these problems, the dwell time 
may be replaced by a further processing 
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It may be desirable for certain purposes 
e.g. motor car componentSj to combine slip- 
forming with aaotlier forming operation to 
permit the production of articles of a shape 

5 wliicli cannot be made by slip-forming alone 
e.g. forming articles with local depressions 
such as interior car door panels with cavities 
for arm rest and door handle. The additional 
forming step can, in principle, be in, any 

10 possible forming operation by mechanical, 
hydraulic or pneumatic means, but of par- 
ticGiar interest are other cold fOTiuing opera- 
tions, such as forgmg, rubberpad forming and 
diaphragm forming. 

13 The process will be further illustrated in 
the Examples which follow: 



EXAMPLE 1 
Sold phase slip fotmmg condition used for 
pnoducwm of a polypropylene suitcase shell. 



Sheet thickness 1.7 mm 20 

Male mould 550 mmX 
400 mm 

Depth of draw 75 mm 

Sheet tempteratuie 155°C 

Clamping ring teraperaiure 155°C 25 

Clamping ring pressure 20 Kg/an- 

Male mould temperatuie 80° C 

Pr«s speed 1.8 m/min 



40 
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Machinery details 
1. Mould 



2. Clamping rings: 



Dimensions 

Material 

Temp 

Ext. Dimensions 
Int. Dimensions 
Thickness 
Temperature 



587 mmX437 mtn 
Cast Aluminium 
80°C 

800 ram X 650 mm 
590 mm X 440 mm 
50 mm 
155X 



Procedure 

The blanit was heated in a soak oven to 
1S5C°, then located centrally in clamping 
50 rings and clamped at 20 kg/cm^. 

Forming was carried out at 800 mm/ai'm. 
To Load 5 seconds 
To Clamp 2 seconds 
To Form 10 seconds 
55 To Eject & return 12 seconds. 

The polypropylene shell pn^uced showed 
good dimensional stability and a uniform thick- 
ness (±0.07 mm). Bnboss tetention was 
superior to fibreboard. The load bearing pro- 
60 pertira of the formed polypropylene sbeUs was 
superior to iibreboard and i^covery after de- 
formation also better. The expected improve- 
ments in friction, abrasion and water-proof- 
ing were attained, and impact resistance to a 
65 pointed striker was higher. 

EXAMPLE 3 
The procedure was as described in Example 
2 with the following exceptions: 

Feedstock Polyethylene Cariona (regd. 
70 Trade Mark) EB196 

Machinery mould temp 60°C 

Clamping rings tempera&ire I15'C 
Procedure Blank heated to 115°C. 

The polyethylene shell was similar to the 
75 polypropylene cotmterpart with the expetted 



Sheet thickness 
Male mould 

Depth of draw 
Sheet temperature 
Clamping ring temperature 
Clamping rmg pressure 
Male mould temperature 
Press speed 



30 



The polypropylene shell formed under these 
conditions was foimd to have uniform thick- 
ness and suffered t» spring-back. 

EXAMPLE 2 
A polypropylene suitcase shell 590 mm 
long X 440 mm wide was formed using as the 
feedstock a polypropylene homopolymer 35 
(Carlona (regd. Trade Mark) 'P' KM61) in 
the form of an embossed blue sheet 1.5 mm 
thick. Blanks were cut 750 mmX600 mm. 



modifications in physical properties — ^higher 
flexibility, higher impact resistance and lower 
crush resistance. 

EXAMPLE 4 
TTie procedure was as described in Example 80 
2 wfth the following exceptions: 

Feedstock Propylene copolymer Carlona 

(regd. Trade Mark) 'P' MT61 
Machinery Clamp rings @ 148°C 
Procedure Blank heated to 148 °C. 85 

The shells produced are verv suitable for 
the luggage application. Whilst ejchibiting the 
advantages over fibreboard listed in Example 
2, the improved impact performance of this 
feedstock gives a tougher moulding at the 90 
expense of marginal ngidiiy reductions, 

EXAMPLE 5 
Solid phase slip-forming condition used for 
production of a polypropylene shell. 



1.7 mm 95 

550 mm X 
400 mm 
75 mm 
ISS'C 

155°C 100 
20 kg/cm= 
SO^'C 

0.8 m/min 
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1,386,953 
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The polypropylene shell kxmi under these 
condtttons was found to have tmifoim thick- 
ness and saffered bo spring-back. 

EXAMPLE 6 
Solid phase slip forming conditions used 
for die production of an ABS luggage shell 
and an automotive facia panel under-tiay. 
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Sheet thickness 
Male mould 



Depth of draw 
Sheet temperature 
Clamping ring 

temperature 
Clamping ring 

pressure 
iWak mould 
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Press speed 
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1.6 mm 

550X400 mm (or 
320 mm 230 mm 
for under-tray) 
110 ram for 60 mm) 

SOX 

18 kg/cm^ 

40°C. 

1.0 in/min 



WHAT WE CLAIM IS:— 

1. A process for making a moulded hollow 
artide which comprises iSatihg a sheet of a 
thermoplastics polymer to a temperature of 
between X^C and (X-35)°C where X is 
the crystalline melting point of crystalline poly- 
mers, or the "Vicat" softening point of amor- 
phous polymers, clamping the sheet at its 
peiiphery by means of heated damping rings 
and pressure slip-forming the sheet around 
a mould so that die thickness of the moulded 
article is substantially the same as liat of the 
polymer sheet 

2. A process as claimed in claim I in which 
the polymer is an olefin polymer. 

3. A process as claimed in claim 2 in which 
the olefin polymer is polyethylene. 

4. A process as claimed in claim 2 in 
which ite olefin polymer is polypropylene. 

5. A process as claimed in claim 1 in 
which the polymer is polyvinylchlcride. 

6. A process as daiined in claim 1 m ^Aich 
the polymer is an acrylonitrilc-butadiene- 
styrene resin. 

7. A process as claimed in any one of the 
preceding claims in which the polymer sheet 
is laminated. 

8. Thermoplastic moulded hollow artide as 
claimed in any one of the preceeding claims 
in which a smrface of the polymer sheet is 
modified with film, cloth or flodt. 

9. A process as claimed in any one of the 
preceeding claims in which the pressure slip 
forming is combined with another forming 
c^eratton. 

10. A process as claimed in daim 9 in 
which the other forming operation Is solid 
phase pressure forming. 



11. A process as claimed in claim 9 in 
which the other forming operation is a cold 
forming operation. 

12. A process as claimed in any one of the 
preceding claims in which a clamping pres- 
sure of 14 to 24 Kg/cm'- is used. 

13. A process as claimed in any one of 
the preceding daims in which a dosing rate 
for the clamping rings is iip to 1,8 m per 
minute. 

14. A process as claimed in any one of the 
preceding daims in which temperature of the 
mould is 20— 100° C. 

15. A process as claimed in daim 14 in 
which the temperature of the mould is 70 to 
90 > 

16. A process as dasmed in daim 15 in 
which the temperature of the mould is 30 
to 60°C. 

17. A process as claimed in daim 4 in 
which the temperature of the polypropvlene 
sheet is 135 to 170°C. 

18. A process as claimed in daim 17 in 
whach the temperature of the polypropvlene 
sheet is 153 to 157°C. 

19 A process as claimed in daim 6 in 
55to ^*1(^""P®^'*^^ ^ ABS sheet is 

20. A process as claimed fa any one of 
the preceding daims in which the depth of 
draw is 50 to 150 mm. 

21. A process as claimed in any one of the 
preceding claims in which the thickness of 
the polymer sheet is up to 2 mm. 

22. A process as claimed in any one of the 
preceding daims in which the damping 
ring temperature is the same as the tempeia- 
tute of the polymer sheet. 

23. A process as claimed in any one of the 
preceding daims in which the artide is a 
In^ge: container. 

24. A process as daimed in any one of the 
damis 1 to 22 in which the artide is a trans- 
pott vehicle compoaejit. 

25. A process as daimed in daim 1 sub- 
stantially as described with reference to, and 
as iilustiatcd in the accompanying dtaw- 
mgs. 

26. A process for making moulded hollow 
ardcles as describsi in any one of the 
Examples. 

27. Moulded hollow artides made by a pro- 
cess as daimed in any one of daims 1 to 
26, 

R. C. ROGERS, 
Chartered Pitent Agent, 
Shell Goitre, 
London, S.E.I. 
Agent for liie Applicants, 
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